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Abstract

Objective: The primary objective was to determine whether environmental pollutants, specifically lead (Pb),
cadmium (Cd), mercury (Hg), arsenic (As) and organochlorine and organophosphate pesticides can be detected in
meconium. Study design: Prospective, cohort study. Infants were randomly recruited from the nurseries of five hospitals
in Manila, Philippines. Their stools (meconium) were collected and analyzed for heavy metals by atomic absorption
spectrophotometry and for pesticides by gas chromatography/mass spectrometry (GCMS). Results: A total of 426
infants were studied. The exposure rate (based on meconium analysis) and the median concentration of the pollutants in
the positive samples were as follows: lead (26.5%; 35.77 ug/ml), cadmium (8.5%; 13.37 pg/ml), mercury (83.9%;
3.17 ng/ml), chlordane (12.7%; 22.48 ug/ml), chlorpyrifos (11.0%; 8.26 ug/ml), diazinon (34.3%; 12.96 ug/ml), DDT
(26.5%; 12.56 pg/ml), lindane (73.5%; 2.0 ug/ml), malathion (53.0; 6.80 ug/ml), parathion (32.0%; 2.30 ug/ml) and
pentachlorphenol (16.1%; 90.00 ug/ml). Some maternal and neonatal factors that were significantly associated with the
presence of environmental toxins in meconium included multigravidity, multiparity, multiple gestation, meconium
stained fluid, smoking, gestational age, low birth weight and infant gender. Conclusion: Meconium analysis is a new
and sensitive tool to detect fetal exposure to environmental toxins and its clinical use awaits further investigation.
© 2002 Elsevier Science Inc. All rights reserved.
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INTRODUCTION found in food, water, air and other parts of the envir-
onment. Maternal exposure to environmental toxins
can have significant effects on the fetus. The range of
their exposure to these toxins varies from subclinical to
severe cases. In the latter, such as has been reported in
accidental poisonings with mercury and PCB, severe
immediate and long term effects on the infant and child
were observed (Chen et al., 1992, 1994; Bakir et al.,
1980; Amin-Zaki et al., 1976). However, even at
subclinical exposure of the mother to these toxins,
e.g. from the consumption of fish in the Great Lakes

area that were contaminated with PCB, adverse

Environmental pollutants are a constant threat to
human health. These agents are ubiquitous and are
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immediate and long term outcome in the infants have
been observed (Schantz, 1996; Jacobson et al., 1985;
Jacobson and Jacobson, 1996a,b; Safe, 1993).
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The detection of maternal or fetal exposure to envir-
onmental toxins have so far utilized the examination of
maternal and cord blood, and in some cases, maternal
hair. Meconium is a matrix that has been previously
analyzed to detect fetal exposure to a number of
xenobiotic agents, including illicit drugs (Ostrea
et al., 1992, 1993, Maynard et al., 1991; Callahan
et al., 1992), licit drugs (Ostrea et al., 1998; Alano
et al., 2001), alcohol metabolites (Mac et al., 1994;
Bearer et al., 1999; Klein et al., 1999) and nicotine
metabolites (Ostrea et al., 1994). The objective of this
study was to determine whether environmental toxins,
specifically heavy metals (lead, cadmium, mercury and
arsenic) and organochlorine and organophosphate pes-
ticides could also be detected in meconium. Since this
study was an exploratory test of a new matrix (meco-
nium), there was no attempt to compare meconium to
blood or hair analyses.

METHODS

Infants were recruited from the nurseries of three
perinatal centers in Manila, Philippines. We selected
Manila for the study, because of its high environmental
pollution index. The nurseries that were selected repre-
sented a socioeconomic cross-section of hospitals in
Manila which ranged from charity to private pay
hospitals. A total of 150—160 mother/infant dyads were
sampled per center and a sequence of prospective
enrollment of infants was adopted which was calcu-
lated based on the annual birth rate in each hospital. For
example, if a center has 2400 livebirths per year, there
will be approximately 200 livebirths per month. For the
random sampling of 13 infants per month, approxi-
mately every 15th live birth will be recruited. The
subjects in the study were anonymous and no consent
was obtained from the mother. Meconium was col-
lected directly from the infant’s diaper and the sample
was identified only through an assigned number code.
Demographic information on the mother and infant
were obtained from their charts. There was no exam-
ination of the infant or mother for this study. The study
was approved by the human investigation committee of
each participating institution.

Meconium was collected during the first two post-
natal days and were pooled into one sample. The
meconium samples were stored in a freezer at
—18 °C and sent in batches, under refrigeration, to
the appropriate laboratories. Batches of the meconium
container were tested for heavy metal contamination
which were negative.

Meconium was analyzed for heavy metals (mercury,
lead, cadmium and arsenic) by atomic absorption
spectrophotometry. Mercury was analyzed as total
mercury by cold vapor atomic absorption spectropho-
tometry. Standard and blank solutions were prepared
using aliquots of 0.5, 1.5, 2.5, 5 and 10 ml of 0.1 ppm
standard mercury solution. Meconium was weighed
(0.2 g2) and digested in 5 ml of aqua regia (one part
HNOs:three parts HCI) in a water bath at 90 °C for
5 min and then cooled. Deionized water (40 ml) and
15 ml of 5% KMnO, were added. The mixtures were
returned to the water bath for further digestion for
30 min. The samples were cooled and alkalinized with
6 ml of 12% NaCl-NH,CI. Five milliliters of 10%
stannous chloride was added and the samples were
aerated. Absorbance was read after 30 s. For the ana-
lysis of lead, cadmium and arsenic, blank solutions and
standards were prepared at 1.0, 2.0 and 3.0 ppm of
lead, 0.1, 0.3 and 0.5 ppm of cadmium and 25, 50 and
100 ppb of arsenic. Meconium was weighed (0.1 g)
and digested with 30 ml of concentrated HNO; and
heated near dryness. Thereafter, 25 ml of deionized
water was added and the solution heated to about
10 ml. The sample was cooled and volume was recon-
stituted to 50 ml with deionized water. Absorbance for
lead, cadmium and arsenic were read at maximum
readings. The minimum detection level was 10 ppm
for lead, 1.5 ppm for cadmium, 0.2 ppm for arsenic and
0.4 ppb for mercury. The recovery of heavy metals
(lead, cadmium, arsenic and mercury) spiked in meco-
nium ranged between 100 and 102%. Interassay coef-
ficient of variability ranged between 0.34 and 8.9%;
intraassay coefficient of variability ranged between
0.44 and 8.44%.

Meconium was analyzed for chlordane, chloropy-
firos, diazinon, DDT (p, p’DDT), lindane, pentachlor-
phenol, malathion and parathion by GC/MS. One half
(0.5) gram of meconium was added to a meconium
processor tube (Mectest, Meco Industries, Walnut, Ca)
which contained 5 ml of buffered methanol (pH = 7.4).
Suspension was mixed and centrifuged for 1h at
4600 rpm. The supernatant was pipetted into Millipore
tube and centrifuged for 1-2 h at 4600 rpm. A C18
extraction column (Alltech, I11) was initially conditioned
by adding in sequence, 3 ml of acetonitrile-deionized
water (70:30 v/v), 3 ml methanol and 3 ml deionized
water. The ultrafiltrate was added to the column and the
pesticides were subsequently eluted with 6 ml of acet-
onitrile:deionized water (70:30 v/v) and the eluate col-
lected, dried, and resuspended in 100 pl of methanol for
GC/MS analysis. Four microliters of an internal stan-
dard solution (1,4 dichlorobenzene-d4) were added to
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100 pl of the eluate in a reactivial. Four microliter of the
eluate was then injected into an HP5890 series II gas
chromatograph with electronic pressure control and an
HP5971A mass spectrometer. The column used was a
DB-5 ms (30 m, 0.25 mm i.d., 1 pum film, J&W Scien-
tific P/N 122-5533). Analysis was performed in a scan
mode and the compounds were identified through their
specific target and qualifying ions at known ratios. The
concentration of each compound was calculated based
on the known concentration of the internal standard.
Calibration curves of pesticides at a range of 50-400 pg/
ml were linear. Interassay and intraassay coefficients of
variability of the assays ranged between 0.8 and 8.5%.
Recovery studies on meconium spiked with pesticides at
concentrations of 150 and 300 pg/ml ranged between
71.3 and 96.7%. The limits of detection (ug/ml) for the
different pesticides were: chlordane (0.186), chlorpyr-
ifos (1.232), DDT (0.322), diazinon (0.173), lindane
(0.546), malathion (1.048), parathion (1.168) and penta-
chlorphenol (6.616).

The concentrations of the toxins in meconium are
expressed in micro- or nanogram per milliliter (ppm or
ppb). Recalculation of the concentrations in micro- or
nanogram per gram of meconium can be done since the
amount (g) of meconium and the solvent volume used
to resuspend meconium are known.

Statistical Analysis

Descriptive statistics were performed on the data and
in skewed distributions, median and percentiles were
used. Exposure was defined as the presence or detec-
tion of a toxin in meconium and was analyzed as a
categorical “yes or no” variable. Preliminary associa-
tion between maternal and infant conditions and fetal
exposure to heavy metals or pesticides were done by
Chi-square analysis with fetal exposure expressed as a
dichotomous, yes/no outcome. Hospital site and mater-
nal or infant conditions were also expressed as dichot-
omous, categorical groups. Maternal and fetal factors
that were significantly (P < 0.05) associated with fetal
exposure to pollutants were entered into a logistic
regression model to determine the interaction and
independent effects of the covariates on the dependent
variable. A P-value of <0.05 was taken as the level of
statistical significance.

RESULTS

A total of 442 mother per infant dyads were initially
enrolled in the study but only 426 subjects were studied

since 16 were excluded due to insufficient meconium
obtained from the infants. Most of the mothers were
married (91.3%) and had prenatal care (92.5%). The
percentage of mothers who were gravida and parity <3
were 82.3 and 90.5%, respectively. There was a high
incidence of cesarean section delivery (42%). The
incidence of abnormal amniotic fluid (polyhydram-
nios, oligohydramnios) was 12%. Abnormalities in
the placenta (5.7%) consisted primarily of abruptio
placenta or placenta praevia. Cord abnormality (8.8%)
consisted of nuchal cord, true knot or cord prolapse.

In the infants, 49.2% were male, with mean (S.D.)
gestational age of 38.5 + 2.1 weeks, birth weight of
3.03 + 0.53 kg, length of 48.9 & 3.0 cm and head cir-
cumference of 33.2 2.2 cm. Sixteen percent of the
infants were <37 weeks in gestation and 11.4% had a
birth weight <2500 g.

Lead, mercury, cadmium were found in 26.5, 83.9
and 8.5% of the samples, respectively. Arsenic was not
detected. Mercury was found in a high percentage of
the samples analyzed, although its concentration was a
thousand-fold lower (ng/ml or ppb) compared to lead
or cadmium (pg/ml or ppm). A number of samples also
had more that one heavy metal present: 19% had two
heavy metals and 7% had three heavy metals. A wide
concentration range of heavy metals was found in the
samples and the concentrations were highest for lead:
50% of the positive samples had lead concentration
ranging from 18.11 to 177.06 png/ml.

Two hundred meconium samples were analyzed for
pesticides and the results are shown in Table 1. The
exposure rate ranged from 12.7% (chlordane) to 73.5%
(lindane). Comparatively high exposure rates were also
observed for diazinon (34.3%), parathion (32%) and
malathion (53%). Despite the ban two decades ago on
DDT use, the exposure rate to DDT in the study was
26.5%. One infant with a very high concentration of
DDT in meconium (10,406 ppm) also had a high
concentration of parathion (559 ppm). Pentachlorphe-
nol was found in a small percentage of the samples
analyzed (16.1%). However, the concentration of pen-
tachlorphenol was high in the positive samples: 50%
had concentration ranging from 22.96 to 250.32 pg/ml.
Many meconium samples were positive for more tha-
none pesticide: 28.6% had two pesticides, 14.3% had
three pesticides, 12.6% had four pesticides, 4.9%
had five pesticides, 3.8% had six pesticides and 4.9%
had seven pesticides.

The exposure to heavy metals was related to the
hospital site of recruitment and a number of maternal or
infant conditions (Table 2). By hospital site, exposure
was significantly high among infants who were born at
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Table 1
Prevalence and concentrations of environmental pollutants in meconium of neonates in Manila, Philippines
Positive Concentration in positive samples (ppm or ppb)*
percentage ; :
Mean Median Range Percentile
25th 50th 75th
(A) Heavy metals (N = 426)
Lead (ppm) 26.5 120.56 35.77 8.23-603.04 18.11 35.77 177.06
Mercury (ppb) 83.9 6.59 3.17 0.43-71.58 1.78 3.17 6.82
Cadmium (ppm) 8.5 13.00 13.37 2.09-27.39 5.33 13.37 7.81
Arsenic 0.0 0.00 0.00 0.00 0.00 0.00 0.00
(B) Pesticides (ppm) (N = 200)
Chlordane 12.7 282.80 22.48 0.48-2237.80 2.76 22.48 139.48
Chlorpyrifos 11.0 53.46 8.26 0.40-458.04 1.15 8.26 54.84
DDT 26.5 373.70 12.56 0.16-10406.40 1.22 12.56 63.77
Diazinon 343 226.46 12.96 0.24-6027.00 10.28 12.96 48.48
Lindane 73.5 37.16 2.00 0.04-539.44 0.32 2.00 37.40
Malathion 53.0 71.69 6.80 0.04-771.28 0.85 6.80 43.86
Parathion 32.0 86.03 2.30 0.04-2116.36 1.31 2.30 16.98
Pentachlorphenol 16.1 195.68 90.00 3.08-1762.32 22.96 90.00 250.32
# ppm (parts per million or pg/ml), ppb (parts per billion or ng/ml).
Table 2
Exposure to heavy metals: prevalence according to hospital site and association with maternal and infant factors
Exposure to heavy metals
Lead Cadmium Mercury
Positive Negative Positive Negative Positive Negative
(I) Prevalence of exposure® y
FIRST (%) 28.6 11.77 84.3
UST (%) 13.7 5.1 79.5
PCMC (%) 65" 0.0 100"
(II) Maternal factors®
Age <25 years (%) 20.0 28.1 17.2 27 16.0 5.6
Gravida >3 (%) 27.8" 14.9 27.6 17.4 18.9 14.5
Parity >3 (%) 15.5" 7.3 222" 8.2 9.0 5.7
No pre-natal care (%) 8.1 4.5 0.0 59 53 5.7
Multiple gestation (%) 10" 4.0 10.3 5.1 5.9 5.5
Meconium stained fluid (%) 143" 6.4 13'8, 8.2 9.8 3.7
Ilicit drug use (%) 18.8 23.3 3.4 24 229 17.6
Smoking (%) 39 32 4.0 33 2.8 6.4
Alcohol use (%) 23 0.8 0.0 1.3 14 0
Abnormal placenta (%) 5.6 2.8 0.0 3.9 3.2 5.5
(I11) Infant factors”
Pre-maturity (%) 15.5 14.0 17.2 27 16" 5.6
Male gender (%) 48.2 47.6 37.9 48.9 514" 30.9
Birth weight <2500 g (%) 14" 73 10.3 8.8 103" 3.6

# Comparison between hospital sites (Chi-square analysis).
® Comparison between positive and negative groups (Chi-square analysis).

“P < 0.05.
P <0.0l.
P < 0.001.
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the FIRST and PCMC Hospitals (65% for lead and
100% for mercury at PCMC and 11.7% for cadmium at
the FIRST Hospital). Univariate analysis showed that
exposure to lead was significantly increased in mothers
who were >3 in gravidity (27.8 versus 14.9%,
P < 0.001) and parity (15.5 versus 7.3%, P < 0.03),
in multiple gestation (10 versus 4%, P < 0.05) and
meconium stained fluid (14.3 versus 6.4%, P < 0.04).
Exposure to cadmium was significantly increased in
mothers with parity >3 (22.2 versus 8.2%, P < 0.03)
and exposure to mercury was significantly increased
with the male gender (51.4 versus 30.9%, P < 0.01).

For the pesticides, exposure to lindane and parathion
were significantly high among the infants born at the
FIRST Hospital (79.1 and 35.8%, respectively) and to
malathion, among infants born at the UST Hospital
(75.8%)—Table 3. Exposure to diazinon was signifi-
cantly increased with gravida >3 (30.6 versus 16%;
P < 0.03) and multiple gestation (14.5 versus 5.0%,
P < 0.04); exposure to lindane was associated with
female gender (54.9 versus 36.2%, P < 0.04), expo-
sure to parathion was associated with multiple gesta-
tion (15.5 versus 4.9%, P < 0.02) and exposure to
pentachlorphenol was associated with smoking (11.1
versus 0.8%, P < 0.01). Maternal and infant risk fac-
tors that were significantly (P < 0.05) associated with
exposure to the individual heavy metals or pesticides
by univariate analysis, were included and analyzed in a
stepwise, logistic regression model. The exposure to
lead was significantly associated with parity >3,
(P < 0.02), birth weight <2500 g (P < 0.025), and
meconium staining of the amniotic fluid (P < 0.016)
and exposure to mercury was significantly associated
with infant gender (P < 0.01) and gestational age <37
weeks (P < 0.05).

The correlation between the concentrations of the
various pollutants (heavy metals and pesticides) in
meconium are shown in Table 4. The following
pollutants had significant intercorrelations to one
another either in single or in multiple analyses: lin-
dane, malathion, parathion, chlordane, chlorpyrifos,
lead and cadmium. Very high correlation coefficients
were particularly observed between parathion and
DDT (r =0.925) and between cadmium and lead
(r =0.873).

DISCUSSION
Environmental pollution is a global, public health

problem. Because of industrialization and widespread
use of pesticides, vast quantities of chemicals are

released and dispersed into the environment each year.
As a consequence, these pollutants are ubiquitous and
are found in air, water, soil, food sources and other
biologic materials. Of specific concern is the exposure
of the pregnant woman to environmental toxins since
the fetus is highly vulnerable to these agents owing to
the state of rapid growth and differentiation of its
nervous system. Many of the heavy metals, organo-
chlorine and organophosphate pesticides are neurotox-
icants (Schettler et al., 2000; US EPA, 1998a,b) and
have direct effects on neuronal proliferation, migra-
tion, differentiation, synaptogenesis, myelination and
apoptosis (Rodier et al., 1984; Choi, 1986; Graff et al.,
1997; Barone et al., 1998; Eriksson, 1997; Liu et al.,
1997; Bailey and Chen, 1991; Monnet-Tschudi, 1998).
Others interfere with hormones (endocrine disruptors),
neurotransmitters, or neurotrophic growth factors that
effect brain development (Cameron et al., 1998; Owen
and Bird, 1995; Sternfeld et al., 1998; Grifman et al.,
1998; Lauder, 1990; Larkfors et al., 1991). The devas-
tating effects of environmental toxins on the fetus were
seen in the severe cases of poisonings that occurred in
mothers who had accidentally ingested food contami-
nated with mercury (Bakir et al., 1980; Harada, 1978;
Amin-Zaki et al., 1976; Ehassani et al., 1976) or
polychlorinated biphenyls (Chen et al., 1992, 1994;
Rogan et al., 1988). The infants suffered from gross
neurologic damages, at birth, which persisted into their
later life. However, the majority of maternal exposure
to environmental toxins does not lead to observable
adverse effects in the infants at birth. However, an
increasing number of children with developmental,
learning and behavioral difficulties have been noted
recently, ranging from mental retardation, learning
disability, attention deficit hyperactivity disorders
and autism and it has been suggested, based on animal
and human data, that a variety of environmental toxins
can contribute to these disorders even at low levels of
exposure (US Census, 1994; Parrill, 1996; Kavale and
Forness, 1992; Boyle et al., 1994; Goldman et al.,
1998; Rowland, 1999; Safer et al., 1996; Gillberg
and Wing, 1999; California Health, 1999). For
instance, increases in blood lead levels during infancy
and childhood are associated with attention deficits,
increased impulsiveness, reduced school performance,
aggression, and delinquent behavior (Needleman et al.,
1985; Bellinger et al., 1987). Small fetal exposures to
methylmercury, such as those resulting from regular
maternal fish consumption, have been implicated in
language, attention, and memory impairments that
appear to be permanent (Davidson et al., 1995; Rice
and Gilbert, 1990; Crump et al., 1998). Monkeys



Table 3
Exposure to pesticides: prevalence according to hospital site and association with maternal and infant factors
Diazinon Lindane Malathion Parathion PCP Chlordane DDT Chlorpyrifos
Positive Negative Positive Negative Positive Negative Positive Negative Positive Negative Positive Negative Positive Negative Positive Negative
(I) Hospital site®
FIRST (%) 324 79.17° 48.0 358" 19.7 115 25.7 10.8
UST (%) 4024 48.5 75.8" 15.2 0.0 18.2 30.3 12.1
(IT) Maternal factors®
Age <25 years (%) 22.6 235 21.2 29.2 21.9 24.7 19.0 25.2 27.6 22.5 17.4 24.1 20.8 233 10.0 24.2
Gravida >3 (%) 3067 16 22.6 16.7 25.0 16.5 259 18.7 20.7 20.5 21.7 20.9 229 20.3 20.0 21.1
Parity >3 (%) 18.3 8.5 14.5" 43 12.9 10.6 14.3 10.7 17.2 10.1 13.6 11.5 15.2 10.6 5.6 12.5
No pre-natal care (%) 33 1.7 3.1 1.0 32 1.2 35 1.6 0.0 2.7 4.5 1.9 43 0.8 53 1.3
Multiple gestation (%) 145~ 5.0 1057 21 10.4 5.9 1557 49 0.0 9.9 43 8.9 6.3 9.0 5.0 8.7
Meconium stained 15.3 12.3 12.4 15.9 15.1 11.3 16.4 11.9 3.6 15.3 19.0 12.5 17.4 11.0 22.3 11.6
fluid (%)
Smoking (%) 1.7 29 2.5 2.6 3.4 1.4 5.9 0.9 1.1 0.8 0.0 2.8 4.7 1.7 0.0 2.8
Alcohol use (%) 1.6 0 0.8 0 0.0 1.2 0.0 0.8 0.0 0.7 0.0 0.6 0.0 0.8 0.0 0.6
Abnormal placenta (%) 3.2 0 0.8 2.1 2.1 0 34 0 0.0 1.3 43 0.6 2.1 0.8 5.0 0.6
(I1I) Infant factors®
Pre-maturity (%) 20.0 14.0 16.3 15.6 14.1 18.3 18.2 15.1 17.2 16.0 8.7 17.2 14.9 16.5 15.8 16.1
(<37 weeks)
Female gender (%) 50.8 36.2 549" 362 48.4 51.8 46.6 51.6 48.3 50.7 39.1 51.6 52.1 49.2 55.0 494
Birth weight <2500 g (%) 6.6 7.6 7.5 6.4 8.4 5.9 6.9 7.4 10.3 6.7 8.7 7.0 104 6.8 10.0 7.5

# Comparison between FIRST and UST (Chi-square analysis).
® Comparison between positive and negative groups (Chi-square analysis).

“P < 0.05.
P <0.0l.
P < 0.001.
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Table 4

Correlation between the concentrations of heavy metals and pesticides in meconium

Diazinon Lindane Malathion Parathion PCP

Chlordane DDT Chlorpyr Lead Cadmium Mercury

Diazinon 1.000 —0.045 —0.012  —0.019
Lindane —0.045 1.000 0.126 0.110 0.135
Malathion —0.012 0.126 1.000 0.170" 0.133
Parathion —0.019 0.110 0.170" 1.000

PCP —0.027 0.135 0.133 —0.005 1.000
Chlordane —0.018 0.3677  0.300™ 0.399™  —0.029
DDT —0.019 0.017 0.169" 0.925™  0.066
Chlorpyrifos  —0.022  0.354™  0.483™ 02617 —0.030
Lead —0.070 0417 0.142 0.021 0.088
Cadmium —0.059 04477 0.155" 0.027 0.123
Mercury —0.049 0.130  —0.032  —0.028 0.009

—0.027

—0.005

—0.018 —0.019 —0.022 —-0.070 —0.059 —0.049
0.3677  0.017 0354 04177 04477 0.130
0.3007  0.169° 0483  0.142 0.155°  —0.032
0.399 0925 02617  0.021 0.027  —0.028

—0.029 0.066 —0.030 0.088 0.123 0.009
1.000 0.150° 0422  0.104 0.090 0.017
0.150" 1.000 0.300”  0.056 0.065 —0.028
0422 03007 1.000 0.293™ 03107  0.090
0.104 0.056 0.293"  1.000 0.873™  0.016
0.090 0.065 0310 0.873"  1.000 0.043

0.017  —0.028 0.090 0.016 0.043 1.000

* Correlation is significant at the 0.05 level (two-tailed).
* Correlation is significant at the 0.01 level (two-tailed).

exposed to dioxin as fetuses show evidence of learning
disabilities (Schantz and Bowman, 1989). Humans and
animals exposed to low levels of PCBs as fetuses have
IQ deficits, learning disabilities, hyperactivity, and
attention deficits when tested years later (Rogan
et al., 1988; Chen et al., 1992; Holene et al., 1995;
Gladen and Rogan, 1991; Lonky et al., 1996). Animals
that are exposed to organophosphates show that small
single doses on a critical day of development can cause
hyperactivity and permanent changes in neurotrans-
mitter receptor levels in the brain (Ahlbom et al.,
1995). A common pesticide, chlorpyrifos, decreases
DNA synthesis in the developing brain, resulting in
deficits in cell numbers and decrease in brain weight
(Chanda and Pope, 1996; US EPA, 1998a,b). Some
pyrethroids cause permanent hyperactivity in animals
exposed to small doses on a single critical day of
development (Eriksson and Fredriksson, 1991; Maia-
viya et al., 1993). In an agricultural community in
Mexico, children exposed to a variety of pesticides
show impaired stamina, coordination, memory, and
capacity to represent familiar subjects in drawings
(Guillette et al., 1998).

A sensitive method of detecting fetal exposure to
environmental toxins is, therefore, important in our
understanding of their potential toxicity. Unfortu-
nately, this is not an easy task. Maternal interview to
detect environmental exposure is of limited use. The
toxins in blood are in a constant dynamic state of
metabolism, tissue distribution and excretion and their
measurement in the blood may not represent the true
extent of exposure (Drasch et al., 2001). A number of
pesticides deposit in adipose tissues, because of their
high lipid solubility. Toxins have been measured in
subcutaneous fat, but obtaining the sample is invasive.

More readily available tissues such as the placenta have
not been satisfactory due to poor deposition of tox-
icants in these organ (Schramel et al., 1988; Truska
et al., 1989). In some instances, neonatal hair has been
analyzed, but hair sampling is invasive and some
infants are born with sparse amount of hair. The ideal
matrix to analyze for fetal exposure to environmental
toxins is a substrate that can be obtained easily and
noninvasively and is representative of a wide period of
exposure in the fetus during gestation. We propose that
meconium is ideal for this purpose.

Based on a number of studies, we have demonstrated
that meconium analysis is useful for detecting fetal
exposure to a number of xenobiotic agents, since (1)
meconium is a repository of many xenobiotic sub-
stances and their metabolites that are deposited early
in gestation, i.e. from the 12th week of pregnancy
(Ostrea et al., 1997), through bile secretion and fetal
swallowing of amniotic fluid which contains the xeno-
biotic agents that are excreted in the fetal urine, and (2)
meconium is not normally excreted by the fetus until
after birth; thus, meconium provides a wider window to
detect exposure in the fetus. To date, meconium ana-
lysis has been used to detect fetal exposure to illicit
drugs (Ostrea et al., 1992, 1993; Maynard et al., 1991;
Callahan et al., 1992), nicotine metabolites (Ostrea
et al., 1994), alcohol metabolites (Mac et al., 1994;
Bearer et al., 1999; Klein et al., 1999), a number of
prescribed and over the counter medications and food
additives (Ostrea et al., 1998) and environmental toxins
(Ramirez et al., 2000; Whitehall et al., 2000; Whyatt
and Barr, 2001).

Maternal exposure to the environmental toxins may
have occurred through the common routes of inhala-
tion (of polluted air), absorption through direct skin
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contact and the ingestion of contaminated food and
water. The air pollution index in the study area (Metro-
politan Manila) is high particularly for lead since
leaded gasoline is still widely used in motor vehicles
(Philippine Environment, 1996; Philippine Environ-
ment Health, 1996). Significant contamination of
fruits, vegetables, fish and shellfish with mercury
and pesticides have been reported in certain areas of
the Philippines and food from these places may be
brought to Manila for sale and human consumption
(Philippine Environment, 1996; Philippine Environ-
ment Health, 1996). The antitermite pesticides, penta-
chlorphenol and chlordane, are commonly used to
treat wood that is used in house construction or are
applied directly on the ground, around the house, as an
alternate means of protecting the house from termite.
Lindane is commonly used for the treatment of lice and
scabies and is applied like a shampoo. Maternal expo-
sure to lindane can occur through direct contact with
the pesticide from failure to use protective gloves or
ineffective hand washing. The mother/infant dyads in
the study were representative of the different socio-
economic classes in Manila and the observed similar
exposure rates in such a diverse socioeconomic popu-
lation underscores the ubiquitous distribution of envir-
onmental toxins.

The exposure of the mother and her fetus to heavy
metals and pesticides was significantly associated with
a number of factors which included site of subject
recruitment and some maternal and neonatal condi-
tions. The infants born at the PCMC Hospital had a
higher rate of exposure to lead and mercury most likely
because the hospital serves a population where a lead
battery recycling plant, which has been repeatedly
cited for environmental violations, is located. It is
interesting to note that among the maternal risk fac-
tors, increased pregnancy rate as evidenced by multi-
gravida, multiparity and multiple gestation was
significantly associated with increased exposure to
heavy metals (lead and cadmium) and pesticides (dia-
zinon and parathion). We speculate that the efficiency
of the placental barrier to these toxins may be com-
promised in conditions of increased frequency of
pregnancy or multiple gestation. A significant associa-
tion between smoking and the exposure to pentachlor-
phenol was also noted. It is likely that the tobacco
leaves that are used to make the cigarettes can become
contaminated with the pesticide since pentachlorphe-
nol is a common antitermite agent for farm and house-
hold use. The association of mercury and lead
exposure to prematurity and low birth weight may
be based on a cause and effect relationship as has been

suggested by earlier studies (Recknor et al., 1997;
Andrews et al., 1994; Sikorski et al., 1986). Lastly,
the high intercorrelation between a number of pesti-
cides, e.g. lindane, malathion, parathion, chlordane
and chlorpyrifos may be related to the collective use of
these common pesticides in the farms and homes. We
recently conducted a survey of an agricultural town
outside of Manila and have found that 75% of the
pesticides used in the farms and households included
the pyrethroids (cyfluthrin, cypermethrin, bioallethrin
and transfluthrin), carbamate (propoxur) and organo-
phosphates (chlorpyrifos, malathion)—unpublished
observations.

There are some limitations in this study. First, an
arbitrary decision was made to limit the analysis of the
meconium samples for pesticides to the first 200
samples. The decision was made because the primary
objective of the study to detect environmental toxins in
meconium was satisfactorily achieved in the first 200
meconium samples analyzed; further analysis of the
remaining samples was also costly and time consum-
ing. Secondly, since this study was an exploratory
investigation of environmental pollutants in meco-
nium, the toxins that were analyzed were restricted
to some of the major heavy metals and commonly used
pesticides and that the latter was further restricted to
the parent compound only. For the same reason, meco-
nium analysis was also not compared to blood or hair
analyses. However, a recent study comparing mercury
exposure during pregnancy by the analysis of mercury
in meconium, maternal or cord blood, breast milk or
newborn hair showed that mercury detection was high-
est in meconium (Ramirez et al., 2000). Lastly, the
study was not designed to specifically address the
association between environmental toxins in meco-
nium and maternal and newborn outcomes. Although
this study observed some associations between some
toxins and maternal or infant outcome, these analyses
did not take into account other confounding factors that
may have been responsible for such effects, due to the
small size of the population, especially for the pesticide
data. Furthermore, approximately 20 outcome vari-
ables or associations were analyzed in the study; thus,
spurious results based on chance alone was likely.
Thus, these observations, albeit interesting, should
only be regarded as preliminary and will require further
investigations with the use of a more specifically
designed and adequately powered study.

We conclude that analysis of meconium can detect
antenatal fetal exposure to environmental toxins, spe-
cifically, heavy metals and pesticides. We propose that
this method is an important tool to investigate on the



E.M. Ostrea Jr. et al./NeuroToxicology 23 (2002) 329-339 337

exposure of pregnant woman to environmental pollu-
tants and their potential adverse effects on the mother
and infant.
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